Introduction
Soybean [Glycine max (L.) Merr.] seeds are one of the major affordable sources of nutrients in the diets of animals and humans. They are rich in protein, oil, dietary fiber, lipids, secondary metabolites, essential minerals, and physiologically active metabolites, such as isoflavones, tocopherols, and saponins (Sugano, 2005) . Isoflavones are a subclass of polyphenols ubiquitous in more than 300 types of plants (Klejdus et al., 2005) . Major sources of isoflavones are plant species belonging to the family Fabaceae, such as lupines, kudzu, faba beans, and soybeans, as well as many other legume plants (Wang and Murphy, 1994a; Barnes et al., 2010; Prasad et al., 2010) . Isoflavones have been reported to control and prevent the incidence of cancer, decrease cardiovascular problems, and reduce menopausal symptoms (Nawaz et al., 2018) .
The use of soy-based disease-preventing functional foods has escalated over the past two decades (Kuiper et al., 1997; Cvejic et al., 2011) . Genistin and daidzin have antioxidant functions, as well as acting as potent scavengers (Foti et al., 2005; Rufer and Kulling, 2006) . Soy-isoflavones have antitumor and antiinflammatory functions. Protein tyrosine kinase inhibitors in soy-isoflavones play a role in improving cardiovascular function and inhibition of growth and proliferation of gastric cancer cells (Piontek et al., 1993; Yu et al., 2012) . The role of soy-isoflavones in activating endothelial nitric oxide synthase, elevating prostacyclin levels, inhibiting cell proliferation, relaxing vessels, and reducing plaque has also been studied (Cano et al., 2010; Ko, 2014) . In addition, isoflavones aid in the promotion of nodulation by rhizobia, microorganism cluster changes around roots, and biotic stress resistance (Zeng et al., 2009) . Until now, soy-isoflavone contents have been published focusing on total amount and factors influencing quantity Murphy, 1994a, 1994b; Lee et al., 2003; Genovese et al., 2005 Genovese et al., , 2006 Lee et al., 2007; Devi et al., 2009) . It is now established that the soyisoflavone content in seeds of the same genotype is greatly affected by environmental conditions (different dates of planting, years of growing, and locations) that occur during seed development (Tsukamoto et al., 1995; Hoeck et al., 2000) . The compositional changes are less distinctive (Wang and Murphy, 1994a) .
The reducing effect of increased temperature, carbon dioxide, and water stress on soy-isoflavone content has been reported (Caldwell et al., 2005) . To breed soybean cultivars with higher soy-isoflavone content, identification of the genes or quantitative trait loci (QTLs) controlling soy-isoflavone content has top priority for marker-assisted selection. Thus far, many genomic regions (A1, B1, B2, C2, D1a_Q, F, G, H, J, K, M, and N) have been associated with individuals along with total soy-isoflavone content in soybeans (Primomo et al., 2005; Kassem et al., 2006; Zeng et al., 2009; Gutierrez-Gonzalez et al., 2010; Zhao et al., 2015) . Recombinant inbred lines for soy-isoflavone content were previously used for identification of QTLs, which was supported by next-generation sequencing data and molecular markers. However, genes controlling soy-isoflavone content and individual types are still undetermined. To identify genes regulating soy-isoflavone biosynthesis, the first step is to investigate genetic variation (excluding environmental effects) and to determine candidate accessions having higher or lower soy-isoflavone content in the seeds. For this, exploration of soy-isoflavone content of wild soybean (Glycine soja Sieb. & Zucc.) is a rational choice because of wide genetic diversity (Baloch et al., 2010; Wang et al., 2016; Nawaz et al., 2017) . For this type of screening, wild soybeans of the Korean peninsula grown with the same environmental conditions, locations, and years were the specimens used to determine genetic diversity. The variation revealed in this study will aid in identification of genes and/or gene combinations to breed soybean cultivars with higher soy-isoflavone contents. The possibility of identifying natural mutants through largescale germplasm screening may also be fruitful (Tsukamoto et al., 1995; Zhang et al., 2012) .
Searching for high soy-isoflavone content-containing genotypes is a never-ending process. Previous studies have suggested that total soy-isoflavone content varied among different countries, such as the United States, China, Korea, Ecuador, and Brazil. Korean wild soybeans contained the maximum amounts of isoflavone (Wang and Murphy, 1994; Lee et al., 2003; Genovese et al., 2005 Genovese et al., , 2006 Lee et al., 2007; Devi et al., 2009 ). However, comprehensive reports are not available on the geographical distribution of soy-isoflavone in the Korean peninsula. The center of wild soybean diversity (China, Korean peninsula, and to some extent Japan) may represent abundant soy-isoflavone content and component variations. This valuable information is missing and should be generated to improve breeding programs to develop soybean cultivars with higher soy-isoflavone contents. In this study, we focused on determining soyisoflavone content and composition [daidzin, glycitin, genistin, malonyl-daidzin (m-daidzin) , malonyl-glycitin (m-glycitin), and malonyl-genistin (m-genistin)] in Korean wild soybean germplasm originating from all geographic locations in the Korean territory.
Materials and methods

Plant material
Three hundred and forty-six wild soybean accessions belonging to South Korean wild soybean habitats were selected from Chung's Wild Legume Germplasm Collection (CWLGC, Chonnam National University, Yeosu, South Korea). Care was taken during the selection of the available accessions that the maximum number of accessions were selected to represent all major and minor wild soybean habitats ( Figure 1 ; Table 1 ).
Accessions were grown in Jinju, South Korea (35.1800°N, 128.1076°E), during the 2016 growing season under natural climatic conditions with a plant-to-plant distance of 2 m and row-to-row distance of 2 m according to a completely randomized design with four replications. The meteorological data (humidity, temperature, and rainfall) of all Korean provinces and cities of 2017 and past years can be accessed through the website of the Korean Meteorological Administration (www.weather.go.kr). After the complete maturation of seeds, pods of each accession were harvested and threshed separately and processed for sample preparation.
Sample preparation
Harvested dried seeds (10 seeds of each accession) were manually ground to powder with a hammer. A 10-fold volume of aqueous methanol (80%) was added to the soybean seed powder, which was pulverized twice with a multibead shaker for 15 s and extracted for 1 h at room temperature. The extract was then centrifuged at 12,000 rpm for 5 min and the supernatant was removed for use in further analysis. 2.3. HPLC analysis of soy-isoflavone content and composition High-performance liquid chromatography (HPLC) analysis was conducted using an HPLC-photodiode array detector and analyzer system (LC9A, Shimadzu Corporation, Kyoto, Japan) with a Develosil C-30 UG-3 (I.D. 2.0 × 150 mm) column following an improved and modified method of Sun et al. (2011) . The solvent flow rate was 0.15 mL/min with an injection volume of 20 µL. Wavelength of the UV detector was adjusted to 254 nm. The mobile phase gradient program was employed for the analysis as follows: 0 min, 85% A/15% B; 0-30 min, 55% A/45% B; washing 0% A/100% B, 30-35 min; recycling to the initial condition 85% A/15% B, 15 min; total analysis time: 60 min. Solvent A consisted of acetonitrile containing 0.1% (v/v) formic acid and solvent B was 0.1% formic acid solution.
Purified daidzin was purchased from Nakalai Tesque (Japan) and dissolved in 70% aqueous ethanol (v/v) containing 0.1% acetic acid (v/v). Daidzin solution (mg/ mL) was used for preparing the calibration curve of crude soy-isoflavone solution containing three soy-isoflavones, daidzin, glycitin, and genistin. The crude isoflavone solution was used as a standard in HPLC analysis and determination. Analysis of the crude isoflavone solution was conducted once in a repetitive manner before the analysis of 25 samples.
Statistical analysis
Quantification data from HPLC for total soy-isoflavone content (mg/g; milligrams per gram of wild soybean seed) and composition of each accession were used for statistical analysis in SPSS (SPSS Inc., Chicago, IL, USA). The data were analyzed by using analysis of variance (ANOVA) and t-tests, with a significance level of P < 0.05. Frequency distribution of total genistin, daidzin, and glycitin and total soy-isoflavones was calculated in Microsoft Excel. We performed principal component analysis (PCA) for soyisoflavone content and composition (i.e. six individual soyisoflavones) in the studied Korean wild soybean accessions. To explore geographical trends (spatial analysis), Image Analyst, Spatial Analyst, and Patch Analyst extensions implemented in ArcGis 9.3 software were used (http:// www.cnfer.on.ca/SEP/patchanalyst/whats_new.html).
Results
The six soy-isoflavones were successfully identified through applied isolation conditions and HPLC analysis Total soy-isoflavone content varied from 0.5 to 5.51 mg/g with an average of 2.78 mg/g. The most abundant soy-isoflavone in Korean wild soybeans was m-genistin (1.04 mg/g), whereas the least abundant soy-isoflavone was glycitin (0.0859 mg/g) (Figure 2) . Figure 3 shows the frequency distribution of total daidzin, genistein, and glycitin and total soy-isoflavone content for Korean wild soybeans. Frequency distributions of total glycitin, daidzin, and genistin departed from normal and showed positive skewness. However, total soy-isoflavone content was distributed normally. Soyisoflavone content and composition in wild soybean from all nine Korean provinces was compared.
Statistically significant differences between Jeonnam and other provinces (i.e. Gyeongsang, Jeongbuk, Gyeongbuk, Chungnam, Gyeonggi, Gangwon, and Jeju) were found for total soy-isoflavone content. All Korean wild soybean accessions showed smaller differences regarding total soy-isoflavone contents when compared by provinces (Table 2) .
To explore variations in soy-isoflavone contents in Korean wild soybeans, PCA was performed. The first two axes of the PCA explained 78.91% of the total variance. The PCA showed no distinct grouping in relation to soyisoflavone content (Figure 4) .
Among the glycosides, genistin was the most abundant soy-isoflavone with the average amount of 1.32 mg/g, followed by daidzin and glycitin having amounts of 0.86 and 0.279 mg/g, respectively. Among malonyl glycosides, maximum quantity was found for m-genistin (1.04 mg/g), followed by m-daidzin (0.712 mg/g) and m-glycitin (0.195 mg/g) ( Table 3) .
A general increasing trend was clearly visible when total soy-isoflavone content was laid out according to the accessions' geographical locations using the longitude and latitude of collection sites. Soy-isoflavone content of accessions from the north part of the country was lower than that of accessions from southern parts and contents increased towards the southeast with minor variations (Figure 5 ). The total glycosides content was lower (20.4%) compared to malonyl glycosides (79.59%). Significant differences were observed in total daidzin, glycitin, and genistin contents among all Korean wild soybeans. Furthermore, the highest content of total soyisoflavone component was found in genistin (1.393 mg/g), followed by daidzin (0.939 mg/g) and glycitin (0.250 mg/g). The highest total soy-isoflavone content was in an accession CW10110 (collected from Jeju, an island on the southeastern side of Korea) and the lowest content was in CW16009 (collected from Kangwon) ( Table 2 ).
Discussion
Soy-isoflavones have assumed an important status in food and nutraceuticals because of their health benefits in prevention of certain types of cancers, cardiovascular diseases, and osteoporosis (Tepavcevic et al., 2010) . Apart from their health benefits, they play an important role in various biological processes in plants, such as induction of nodulation during symbiosis, antimicrobial phytoalexins, allochemicals, and insect antifeedants, as well as stimulation of fungal spore germination in fungus (Ndakidemi and Dakora, 2003) . The contents and compositions of soy- isoflavone vary in different Glycine species and depend upon many factors, such as genotype, variety, location, year, and origin. To accelerate breeding programs for improved soy-isoflavone contents, it is necessary to identify accessions with high isoflavone contents, QTLs, and/or genes responsible for soy-isoflavone content. To determine the profile of wild soybeans from the Korean peninsula grown with the same environmental conditions, year, and location, the present study is a legitimate strategy. Exclusion of environmental effects can aid in making a rational decision in soybean breeding for higher and lower isoflavone content. In this study, the soy-isoflavone content of wild soybean accession seeds collected from a wide range of habitats in the South Korean territory was determined. Soy-isoflavone profiles of 346 Korean wild soybeans were compared and all six types of soy-isoflavones were detected. Korean soybeans have been previously reported to have a higher soy-isoflavone content (Lee et al., 2003 Kim et al., 2012) . Minimum and maximum total soyisoflavone content in Korean wild soybean accession seeds in our study was respectively 0.50 and 5.51 mg/g, which is quite close to previous studies on small-sized Korean soybeans (i.e. 0.81 to 4.78 mg/g; Kim et al., 2012) . Korean soybeans have been shown to have a wider distribution of soy-isoflavone content (1.88 to 9.49 mg/g; Lee et al., 2003) . It is beneficial to identify accessions of wild soybean with a wider distribution of soy-isoflavones based on explored genotypes. The range of soy-isoflavone content observed in this study suggested a combined effect of multiple alleles/ QTLs (Pei et al., 2018) .
This study showed that the maximum soy-isoflavone content in wild soybean seeds was collected from Jeju. The other soybean accessions from Korea exhibited mean soyisoflavone content that varied nonsignificantly among the provinces, except for accessions from Jeonnam Province, which differed significantly from those of other provinces. However, once the provincial grouping was removed, differences were observed in total soy-isoflavone content (0.50 and 5.51 mg/g) in all Korean wild soybean accession seeds and plotted the contents according to longitude and latitude.
It is interesting to note that a trend in total soyisoflavone content from the north to the southeastern Table 2 . Isoflavone content of 346 wild soybeans from 9 provinces of Korea. side of the country was observed. We assumed that this effect might be caused by temperature variations in natural habitats. As we move from the north to southeastern side of the country, slight differences in temperature occur, the northern habitats being colder than the southeastern side of the country. Previously, it was suggested that temperature and location are the factors that can influence soy-isoflavone content in soybeans (Tsukamoto et al., 1995) . A similar trend can be visualized in previous results where accessions from Iksan (southeastern side of the country) had higher total soy-isoflavone contents as compared to those located near northern areas . This new finding can contribute greatly in selection of accessions with higher soy-isoflavone content and the results can possibly be generalized when selecting wild soybean accessions based on geographic distribution. In addition, this trend in Korean wild soybeans has not been observed or reported in any previous studies (Lee et al., 2003 Kim et al., 2012) . The observed soy-isoflavone content variation in Korean wild soybeans (0.5-6.50 mg/g) grown in the same year and location and under the same environmental (Lee et al., 2003) . In terms of soy-isoflavone composition and type, the maximum and minimum amounts were measured for m-genistin (2.31 mg/g) and glycitin (0.0859 mg/g). This observation was similar to a previous report on Korean black soybeans . Regarding total daidzin, glycitin, and genistin content, Korean wild soybeans had a similar trend as that previously observed in Korean black soybeans. In this study, genistin was the most abundant soy-isoflavone, followed by daidzin and glycitin; however, in previous reports a similar trend was observed . In contrast, different trends have also been reported (Kim et al., 2012) .
The accessions identified with higher and lower contents in our studies will be used to validate their phenotypes under different environmental conditions. Similar strategies were adopted by the Ministry of Agriculture, Forestry, and Fisheries for the development of a high soy-isoflavone content variety, Fukuibuki, in 2004 (Shimada et al., 2004) . Furthermore, the information on genetic variations between high and low soy-isoflavone content accessions will increase knowledge regarding good combinations of alleles of the soy-isoflavone biosynthetic pathway affecting the seed soy-isoflavone content in future.
Absence of m-glycitin in an accession (CW12125) might have developed because of environmental effects or by natural mutation. This accession will be valuable in soybean breeding. Environment can affect the expression of soy-isoflavone content; however, the complete absence of m-genistin from this accession cannot be explained at this step and further studies are required. The origin of the accessions had an effect on soy-isoflavone contents, especially when comparing the total soy-isoflavone contents in Korea.
In conclusion, analysis of 346 Korean wild soybean seeds showed that among the Korean provinces no significant differences were present when mean values of total soy-isoflavone contents and their components were compared, except for Jeonnam Province. Korean wild soybeans followed an increasing trend in terms of total soy-isoflavone content from the north to the southeast. The information generated in this report will greatly aid soybean breeding stratagems aimed at improving soyisoflavone concentration in soybean seeds. The accessions with the highest and lowest contents and the accession missing m-glycitin might be used to identify unsolved genetics of soy-isoflavones in soybeans.
